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Proposal TILie 



. .Please place 2 50-100 ward, typewritten abstract here. It should summarize youi proposed research. 



We isolated of a panel of peptides that bind selectively to -prostate ^itsculature^Tms yvas" 
accomplished by using in vivo screening of peptide libraries in mice..' In as yet^unpublished 
work, we have used these prostate-homing peptides to deliver a pre -apoptoric peptide id-' 
prostate blood vessels. Within 24 hours of intravenous administration, a single dose of this 
prostate-targeted 'compound induced a selective, massive cell death in ihs prostatic 
parenchyma. In contrast, examination' of several d^er organs -shov/ec. only minor changes. 
Encouraged by these promising results, we propose to evaluate t : is ''targeted rnedical 
. prostatectomy' 1 in a prostate cancer transgenic mouse. tnodel. We exj.^ct that the reduction 
of prostate tissue made. possible by our procedure will x allovy an ear ;/'■ eradication- of pre- 
maii-gnanr and malignant lesions, thus rsducing-ihe incidence- of prosme cancer in' the mice. 
This°procedure may eventually provide a non-invasive alternative to surgical treatment in 
patieats. ... . 
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A- INTRODUCTION 

The specific delivery of drug Wimpy has .been a long stand- 
in? goal of medicine. If it were possible to deliver drugs 
selectively ic their intended target organs, many drugs that 
are effective, but too loxic, could no* be used. For exam- 
ple, systemic treatment of tumors relies largely on cyto- 
loxic chemotherapy and the currently used chemo therapeutic ■ 
drugs have the narrowest therapeutic indices. Thus, cancer 
c-eanncnt could benefit enormously from technology allow- 
ing selective delivery of cytotoxics; higher concentrations of 
the agent would be reached in the armor, and fewer side ef- 
fects would result. Unfortunately, there are only a few 
situations in which Targeted drug delivery is possible: Intra- 
arterial injection is too invasive; monoclonal' antibodies 
against tumor antigens have been used but specificity and 
poor tumor penetration tend to limit their efficacy (1, 2). 

There: are many indications thac vascular beds in difxererii 
orsans and tissues' diner from one another, and that such . 
differences serve cellular trafficking functions (14. 18). 
Thus, lymphocyie-haming to lymphoid tissues and sites of 
inflammation is guided by specific address molecules in the 
vascular endothelium (14). To some degree, aco-spccific 
lumor metastasis also depends on vascular addresses; it is 
clear that prostate cancer cells show preferences in vivo that 
arc not explained by circulatory routing (IS). The distribu- 
tion of prostate cancer metastasis seems to depend on che 
binding of circulating tumor cells to endothelial receptors in 
sites such ai the bone marrow. 

Our group has developed a novel approach to- study organ- 
selecdve vascular markers, and have documented an unprece- 
' denied degree of heterogeneity in the vasculature of various 
organs (13, 14) and tumors (2, 12). The method is based cm 
selection of large phage display peptide libraries (16) in 
vivo (2, 11-14). Primarily, endothelial cell receptors with 
tissue-specific differential expression (11, 13," "14) and 
angiogenic cell markers in tumors (1-3, 12) are targeted. 
Unlike die earlier antibody wor^ the phage library screen- 
ing directly selects for molecules capable of homing to a 
target tissue in vivo without any preconceived notion about 
die receptor. Peptides that home to the vasculature in the 
brain, kidney, lung, pancreas, uterus, skin, and retina (13, 
14), and tumors (2, 12) have been reported. We have al- 
ready identified the receptor far a class of tumor-targeting 
peptides as av integrins (2, 11, 12); moreover, 
CD13/aminopcptidas= N (unpublished data) and the mem- 
brane proteoglycan NG2 (ret. 3) are strong candidate recep- 
tors for r*/o ache: classes of tumor -homing peptides. We 
have also shown that rumor-targeting peptides can be used 
for selective delivery of drugs to tumor vasculature (2). In 
work in progress, wc uncovered novel tissue -specilic recep- 
tors in das vasculature of norma] -organs and angiogenic 
endctheiiaj cell markers in the vasculature of tumors 
(unpublished data), providing new insights to the specificity 
cf vascular endothelium. Finally, w - hav '~ targeted the 



blood vessels of several ideational organs including the 
DTostate. Thus, the prcstaic, like all. of the other tissues w° . 
have examined so far, puts ,i specific molecular signature, on 
iis vasculature mat can be listened wiih our in vivo phage 
display method. Recent cvi ;lence has suggested that prostate 
sue is controlled by vascular endothelial ceils (5). As 
shown in the Pre&niaary J i suits section, the high spedric- 
iry. ennferred by the prostate vasculature- targeting peptides 
has allowed us to direct pi:>-apopiaric moieties selectively 
ro prosiace blood vessels, "liiese targeted pro-apoptotic pep- 
tides promote a selective ind marked ablation of prostate 
mass. We hope thai the i -eduction in the prostate 'tissue . 
caused by massive apoptos:;; will allow an cariy elimination 
of pre- cancerous and cancer : us lesions and perhaps lead id a 
reduction in the risk of ovirc cancer development. If our 
expectations are realized, these targeted compounds will 
become useful agents against prostate cancer and may pro- 
vide a medical alternative tt reductive surgery. 

B. SPECIFIC AIMS 

Wc propose to synthesize Tj-o-apoptotic peptides' targeted to 
ihe vasculature of the prosit ."e and to evaluate selected com- 
pounds in a prostate cancer transgenic animal model. 



C. PRELIMINARY RESULTS 
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vasculature. To select pep- 
' organ, phage are injected IV, 
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Fig. L. ?rosax£ mr^rting. Innovcnous injeedon of : phage library 
aispbyinr random 7-midur pc; : da (X. library) in micr followed by 
rescue sf '.he pnizzr? pooled rrcjn iie prosiaio yielded > conc.nsacnc 
c/rhs eha~= is she prairie rsiau . c id other conc^i orenni afifir .only 2 
rounds of szi=cdon. eraia has -or :a aseri as one of che csni-ob. 
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The t>cpddc sequences recovered are shewn m iabic I. 
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Thus far, out singes t pros race -homing peptide displays The 
peptide SMSIaRL; its homing abilicy is shown, in Hg. 2. 
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Tiz. 2L 5M51AKL peptide home? apecificflliy Ui prostate Pha^e dis- 
playing an SMS1APX peptide or insenlcjj coacrol phage (Fdter) were 
injected incrwrmusiy in mica under anesthesia. After 5 minumt, the 
" animal* *crc ouihanizcd one phage were recovered and qtnuidfted by 
tcaxcydinG-raewtnat colony counting. On average, SMSlMtL-phagc 
i-howed u 25- to ji-fold enrichment over control organi (brain shown). 

As another test of specificity, and to examine die localiza- 
tion. aftho homing peptides in the prostate, we detected die 
injected phage in .tissues by irrcmunopeioxidaso staining for 
phage proteins. Immunostaining results confirmed the 
speciriciry of homing and show that our peptides homed 
into the prostate (Fig. 3). These data strongly suggests that 
internalization of the pha^e displaying the SMSlAJ*L pep- 
tide occurs. Other examples, of pep tide-driven phage inuer- 
naJizarion have been reported (7). 




FigUTfl 3. Immuoohiitoch arnica I ffC*l*»o£ of p fangs in the mouse prai- 
mtc nflrr lutravcnomt Injection. SMSlARL-phags (loft panel) and 
inscsicM coacnl phige (right panel) wot injecad intravenously into 
nucs. Phage vers allowed to circulate fee 24- houc. Prostate and control 
organs wc:: removed, uxed in Bourn' s solution, embedded in paraffin 
and dBSUc.seiriaufi were prepared. An antibody against M-13 phz^e 
CPhaimaciii} wtu oacd for I ho cntinins. Magnification: 200-c Caaiml 
or-an* are aot shewn bat mcv wc= nesnhve exe-epC lor liver and spl=aa. 
The reason far that is eircuUung phi^c s n on -specifically crapped 
by me reuouioondcchcUaJ syiiecn (2, li-M); mic= uriecusd with control 
chare also showed hepatic and splenic iramunocainmg (aain. nctahown}. 



Isolation of a recsptoi ' for the prostate-homing 
-peptide. We have made jragress in identifying a receptor, 
for SMSIARL. one of our jiro state -homing peptides. Pros- 
tate extract fractionatsd or. SMSL'^RL-Sepharose yields a 
specific profile upon the co male peptide elutior. and specific 
bands at'sS kDa and 60 kD ! (rig.- 4). We ore currently scal- 
ing ud the afaniry chromatography such that enough pro- 
tein for mass spectrometry . micro sequencing, and antibody 
preparation can be obtained 
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Choice of cytotoxic f.oietiss and induction of a 
targeted "medical ■ pro \iaiecio my. J ' We have selected 
three ryoes of cytotoxic T:oicdc3 that .are potential candi- 
dates for targeted delivery :3 tlie prcstaiE vasculature: And- 
mitDchondhai peptides (8"). the ricin-A chair. (ID, and a 
novel class of synthetic p; >apcptocic pepddes (15]. Scud- 
ies-mfh thess targeted cot i pounds are in different stages cf 
develoomcnT in our iabcrai iiry. 



The results ?res=n:ed here as a proof-of-principlc were ob- 
tained with an an ci-nuo chondral modi (8) used as th- cyto- 
toxic rnaiaty. Howcyct, because some general tcxiciry was 
observed this agent, we will also evaiuaie additional classes 
of cytoxic pepddes aad proteins in order to select an optimal 
compound for the prostate targeting. 

(i) Targeting of cmti-mhachondrial peptides; The mem- 
branes of prokaryouc bacteria and cukaryotic cell mitochon- 
dria have similar- properties. Both membranes have a sega- 
tivcly charged outer membranes. Thus, and- bacterial pep- 
tides which interfere with membrane potential are of tan anh- 
mitochondrial pepddes as well. A series of synthetic sm- 
pripathic peptides with shared anti-bacterial and and- 
xnicochonririal properties have been reported (S). In coUabo- 
rarian with Dr. Dale Bredesca's group at this Institute, we 
utilized che motif (KL.\KLAX) 3 ; an anti-niitochDnddal pep- 
tide, as the prototype af this class to be targeted by oui 
prostate-homing peptides to the prostatic blood vessels. 

We created male CD-I mice with the prostate- targeted com- 
pound 

SMSIAIO.KLAKLAKK1AKI-AK. As controls, we 
used either (KLaKLaIQj conjugated to the control- peptide 
CARAC (data presented below) or a mixture of unconju- 
gaied (KLAKLmAJCX plus SMSIARL (similar results, data 
not shown). A single dosa of 200 >g of targeted peptide was 
used. We analyzed the prostate macro and microscopically 
at 24 and 4S hours posttreatroenL We observed a striking 
reduction in the size and change in morphology of the pros- 
tate while the other organs appeared intact. Histopathology 
confirmed that the prostate, but not other tissues, has been 
affected by marked, specific cell daath induction (Figs. 5-8). 




Fig. S. Effect of crrncneni in the dnrsn lateral prostate. Proccolcs 
we.T3 fixed in Bouia': lotudon and icedons stained CHp^ ^ a^ 3 * Mls- 
son' o rrieiiromc, B md D). Mioe received a single dose af t dcd- 
apoprodc moiety cenjuptrd to the caorrol peptide CARaC (A and 5) ar 
cc che prostate-horning peptide SMSIAHL (C and "D) and were killed 24 h 
siterwardr. The mast striJeing ehanses vozz found in -the dorsolateral 
lober: 30% of jionds vers deprived of cpirheimm and Che remaining 
esiteciiixni M/a.«j rr.sxxedly reduced id a discontinuous, thin layer. There 
wen intensive sheading of the prasraiic glandular epithelium imn the 
lumen: cecencrstea eelU Hoarinc in thr ziand lunien showe; nuclear 
condensation and-'or frajrr.entadon or bainotiin- of che cyroolasrc; in- 
creased sosinepdiiia; exiensivc sponciasia and lymphocyte mnliradon. 



Principal It "e-srigamr: ARAP, Y/adih 

Toe rodecr -crosiaic is divid -i into dorsal, lateral, and ventral 
lobes while the human protract is divided into transitional, 
central, and peripheral zone ;. Because the rodent dorsolateral 
lobes arc analogous to thi- hum an peripheral zone wrier: 
rnosL^roscaic cancers occm, we nrst examined the dorsolat- 
eral lobes. Of interest, the • iiajor effect af the trcaimsnt was 
observed in that area (Fig 5). However, pathological al- 
tcrarions in che vcatral lob: of the prostate wers noted as 
well (rig. o). 




Fig. 6. Effect of broatmoot in'tia rcniral protftntt. Prostata were 
fixed in Bourn's solution and seenmc sained CH&E, A and C Mflsaon* 5 
trichromc, B and D). Mice received a singlo dose af a pro-apoptoric 
rncieiy conjugated to Ehe central pepcido CaRaC (A and B) at w the 
prn£Urt-homin£ pap tide SMSlAl (C and D} and werr tilled 24, h if- 
CDrwordfi. Fooall^, in iKc protrn* : -tacreted jroup there wcxs lossrs of 
ceil bcrderi, and epithelial shcdi.ng in gbods of vcrdrai lobe. Nuclei 
were last and die Jtainiag becumf tnore homogcnoasly eosinophilic 

In contrail, there were do major or specific pathological 
changes in multiple intern;., organs used as concrols for the 
pro state -targeted pro-apoptt itic compound (Fig. 7). 




Fig. 7. Efree; of ctacmcst in c ; nurol organi. Or^m: wera fixed ir. 
SouLn's oilAa portireacrnsnt wit i u single do3e_ af the prosL3ic-tarTe:ed 
proaqostccic maicry and stained according id rtic Mafiflon'i tnshiomc 
xechod. Shawn are lung and bninchi (A), bain (S) % 'dnncy fCj, live" 
(D), urocheiium (S), ufi e prostnj : a-utonomic einguan (F). 



Principal Lr, .estimator: ARAP, Vsdih 



Although noo-specific sip* toxicity wore observe* in a x=* 
ouimaU they were usually mora sever-- and mars amuse in 
i- non-targeted proaoootocic aoiocy (alone or conjugRiea 
to a coatroi pepdde, datz not shown). To allow for compari- 
son die effect of therapy In prostates of the san* mice usee 
to harvest che control* (Fig. 7) are also, shown (Fig, 8). 




pUTA-oc5t2 wert growr, a 
was induced by 0.] mM I?". 
3D°C the calls were harvest: 
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cated. The ridn-A-coajugat 
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30°C. Expression of protein 
'G. After 4 hours in cub ad cm at 
:1 by exarnfugaiiaov —suspended 
phosphate (pH 6.3), and scpj- 
:s were purified by ion exchange 
Sepharosc CL-6B (Pharmacia). 
:n a linear 0.1 M to 0.3 M so- 
:erirnents in' vitxo suggest that 
in- A was noc abrogated by the 
i). -Pilot 'in vivo experiments 
inertly. Controls include a mia- 
n -ham plus prostate targeting 
iH-EYR) and th= rlcm-A chain 



Fir H.'Voal pathologic B lw«Uo«» in the pruUU. Mien received 
u£dc pr«popiodc peptidc-CARAC C?**cU A and B) or P»- W» 
oepride-SMSIARL (Panels C and D). Promt** fe»n aomr: a. tht same 
knimnb «cd for harvesting of the control orpus (in Fig. 7) ere shown 
hero Cor camp-on. Severs, tsaninal psthobgU aliens due id 
pcoitnte cell doich induction axr disseminated. Under choc ad-nap: 
' coadiaow. ibo parcnehyma of the prost.tr h» been virtually donated 
{MapxifiBdon: Panel* A and C. *0r; FoncU E and D, Z00x). 

The experiments proposed herewith this and. other cyto- 
toxic moieties-will directly determine the final value of this 
approach as a targeted therapy for prostaie cancer m a mms- 
genie model. 

(ii) Targeting of Hcin-A chain: We will also use the ricin-A 
chain Co test the potential of ihc homing peptides to reduce 
the prostate mass. Tae A chain is a highly potent toxin 
which, when, delivered ktnieeUulsrly, disrupts protein syn- 
thesis. In the complete ricin molecule a B chain, which 
binds Co cell surface receptors , delivers the A chain-intc the 
cytoolasm. The isolated A chain, is .rela.rive.ly non-cox*:, 
because it cannot enter a celL The S chain can be replaced . 
with other molecuies that bind to cell surfaces, and a vast 
literature exists on various targeted toxins based on this 
principle (reviewed hi 17). We will deliver the ricin-A 
chain into the endothelial cells of prostata blood vessels by 
using the homing peptides as the subsatuce for che B chain. 

In collaboration with the group of Dr. Siur Olsnes (Institute 
for Cancer Research, The Norwegian Radium Hospital, 
Oslo, Norway), construction and purification ol ricin-A- 
coajusaiss we- performed as follows: Coding sequences of 
che peptides SMSIARL and VSFLEYR (Table 1) were added 
to the C- terminal end of can-A-cham by PGR. A KDr^- 
scenes which increases che tcrdcity of ncin-A-chain was 
also induced The constructs were ciooed interne expres- 
sion olasmid cUTA using standard cloning ccchniqucs to 
yield "pCJTA-Prsil and pUTA- Prst2. Culture^ of Z cell 
JMIG1 barbcrir.g the expression piasmitis pUTA-Prstl or 



fiii) Targeting of pro-apo'Aozic peptides: Rsecndy. cne 
group of Dr. Rsnato Baser ;a. has reported on a novel class 
of synthetic peptide* of bit logical origin that induce apop- 
Losis ar concentrations as l:-w as 10* a - 10r». M (ref. 15). 
Iridead, Ibis class of peptid .s has the best therapeutic intic^ 
of all pro-apoptotic peptide i-oatural or synthctic-we found 
descxiDcd in the literature. Moreover, non-specific toxicity 
was- ruled out because singi : axnino acid substitutions com- 
pletely abrogate tbeir pro-ipoptotic effect. Surprisingly, 
three peptides from this diss had been previously known 
from the literature: YLH?C i?YTA is recogni-ed by rumor, 
speeific human CTL line) (4), LLDGT.^LRL is deaved 
from gplOO and involved in the regression of melanaaias 
(9), and FECNTAQPG is derived from connexin 37, and 
induces CTL response agrnsc lung caxcinomas^ (10). It 
remains unclear u/hethor ttc rem arable apoptosis-mducing 
. ability of tbase peptides U related to their role in immu- 
nological phenomena. r'.-Jwever, the fact' that they . are 
equally effective on humai and murine, normal and malig- 
nant/' cells suggest some other interpretation. The^pro- 
apoptofjc properties of the! e reagents were discovered ser- 
cndipitously during .unreianid experiments designed to test 
whether these peptides coulit bind to the IGr-I receptor (15). 
Despite their as yet unlcnc'v-n mechanism of action, these 
simple, linear, peptides are outstanding candidates to be tar- 
geted as cytotoxic moieties af choice. 

C. EXPERIMENTAL DESIGN A NX) METHODS 

The goal of this proposal is to develop ways of delivering 
azents that can reduce the mass of the prostate through in- 
. ducrian of cell death [pvz'rcMy by apoptosis). We hy- 
pomesize that inducing prtgrarnmcd ceil death ;n ch= pros- 
tate will reduce the risk of - level aping -cancer late: on. 

We have chosen a transee '.icV.ousc model for ol prostate 
cancer {transgenic adenocwomorna of the rnouss prostate, 
*"TR- A -M?'\ ref. 6} to perform the targeting ol a pro- 
' apoototic moiety tc the p -astats, vascuUrure. In this sys- 
tem* a prostate specie prtmotcr from che ra: probasm gene 
has been used to cause ths expression of T antigen 3pecm- 



Principal In t'ssugaior: ARAF, Wadih 



cziiy in the prostate. These mire drveiop prostata cum or s 
through Lerrrporaliy and histologically distinct stages, simi- 
larly tc what happens in the human disease. Pathologic 
alterations Ln Che prssiatc epithelium of these m\zz are seen 
by 10 wesks of age, and metastases' may dsvdop at 12 
weaks. 3 y week 28, all animals hsrbor metasiauc prostare 
career in a pactum resembling tbe- human disease (6). We 
have an established colony of these mice at oar Animal 
Facilicy. Prior to treatment-, we will establish cohans of 30 
age-msidied male TRAMP mice by cmss-hresding female 
TRAM? x male Fab mice. This Fl generation w ich a 50% 
Fab background presents an aggressive disease (B. Foster 
and N. Greenbcrg, personal communication)- The cohorts 
will be randomized in 3 treatment groups: prosmte -homing 
peptide alone, prostate targeted pro-apoptoue peptide, and 
pro-apoptouc peptide conjugated, te a concnal peptide. In 
selected cases, a vehicle-only treatment group will be in- 
cluded as an addidonaJ control for comparison. However, 
our preliminary results suggest that the prostate-homing 
peotide 5M5IARL alone has no effect Dn the prostate at the 
concentrations used. . 

It has been suggested that an u -angiogenic therapy is more 
cfncifcnt whether it is delivered at low doses for a long du- 
ration CIS). If this is the case, we expect that our results 
may become even better when the optima] dose/schedule 
arc determined. For the pilot experiments shown here, w ? 
have bean creating the rnice at a single dose near the 
maximum tolerated dose,(MTD; daia not shown). Tnus, 
wc will sxan aearmcnts at 20 jx§ /dase/mousc and escalate 
dosing. Treatments will be administered weekly (TV). We 
will initiate tresnnent cohorts ar 10 and 12 weeks of age. 
Further dose, riming, and route adjusanents will bo based ' 
an- data from these experiments. Mice will bo anesthe- 
tized with Avenin* to facilitate IV injections. The effi- 
cacy of targeted and control compounds on tumor growth, 
metastasis and their associated toxicity will bo plotted as 
survival ni the cohorts using KapLan-Mcier curves.' For 
each compound, we will determine- median 'survival, and 
percsnLage increase in life span [ %B_S=(T-C)/Cx 1 00 , 
where T=a/eated and C=caotroI]. Wo expect to soe an in- 
crease in the median survival and %ILS; with a redproca] 
decrease in metastasis in the targeted pro-apoptouc pepdde 
groups relative to controls. W: will also euthanize the 
mice a: fixed intervals (e.g., 15, 20, 25, and 30 weeks) 
and evaluate the primary tumor and metastatic burden. 
Moreover, we will mate the treated, mice (transgenic and 
normal) 10 assess their fertility. 

Tnis research makes use of two now principles: Targeting 
of d s sue- specif: c features in the prostate vasculature and 
induction of organ-directed apoptnsis. We will determine in 
m:ce prone to develop prostate cancer whether reducing pro- 
static mass protect against cancer development. New un- 
demanding of prostate biology may ensue: transfer cf our 
fmdines into clinical application has the potential to pre- 
via:: novel medical tools against human prostate cancer. 
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